ABSTRACT: This study was carried out to determine apparent ileal digestibility (AID) and apparent total tract digestibility (ATTD) of DM, CP, GE, and their respective digestible content of degermed dehulled corn (Zea mays), citrus pulp, and soy (Glycine max) protein concentrate by pigs using the difference method. Thirtytwo barrows (28.1 ± 1.6 kg of BW) were fed a cornsoybean meal basal diet or 1 of 3 diets formulated by replacing 30% of the basal diet with 30% of 1 of the test feedstuffs for 11 d. Chromic oxide (0.3%) was included in the diets. Feces were collected from days 7 to 11 by grab sampling and ileal digesta were collected after pigs were slaughtered on day 12. The AID of DM and AID and ATTD of GE of degermed corn (77.4, 88.7, and 77.7%) were greater (P < 0.05) than those observed in citrus pulp (50.3, 86.5, and 55.8%) and in soy protein concentrate (63.5, 85.1, and 59.4%), which did not differ (P > 0.05). The ATTD of CP, total digestible CP, and total DE of soy protein concentrate (87.5%, 500 g/ kg, and 3739 kcal/kg) were higher (P < 0.05) than the values in degermed corn (81.7%, 57.5 g/kg, and 3330 kcal/kg), which were greater (P < 0.05) than those in citrus pulp (60.5%, 39.5 g/kg, and 3223 kcal/kg). Total and ileal digestible DM, AID of CP, and ileal DE of degermed corn (782 g/kg, 673 g/kg, 70.7%, and 2913 kcal/kg) and soy protein concentrate (778 g/kg, 570 g/ kg, 78.7%, and 2878 kcal/kg) were similar (P > 0.05) and greater (P < 0.05) than those in citrus pulp (737 g/ kg, 436 g/kg, 50.6%, and 2081 kcal/kg). Ileal digestible CP of degermed corn (49.8 g/kg) and citrus pulp (33.0 g/kg) did not differ (P > 0.05) but were smaller (P < 0.05) than the value found in soy protein concentrate (434 g/kg). The DM and energy from degermed corn are more effi ciently digested by the pig than those from soy protein concentrate and citrus pulp. Soy protein concentrate was the best protein source evaluated in this study.
INTRODUCTION
The amount of nutrients that pigs can digest and absorb from feedstuffs is important information to formulate diets accurately, avoiding excess or lack of nutrients for pigs. Many factors infl uence nutrient digestibility of feedstuffs, such as feed composition, especially dietary fi ber content (Le Goff et al., 2002) . The objectives of this study were to determine and compare in barrows the apparent ileal digestibility (AID) and apparent total tract digestibility (ATTD) of DM, CP, and GE of 3 feedstuffs with a range in dietary fi ber content: degermed, dehulled corn, which is low in fi ber, citrus pulp, which is high in soluble fi ber, and soy protein concentrate, which is high in insoluble fi ber.
MATERIALS AND METHODS
The animal procedures were reviewed and approved by the Universidade Estadual Paulista Committee of Ethics and Animal Welfare and followed guidelines established by the Brazilian Council of Animal Experimentation. This trial was conducted at the Swine Production Sector of the Animal Science Department at Universidade Estadual Paulista, Campus of Jaboticabal -SP, Brazil. Thirty-two barrows (28.1 ± 1.57 kg) of a commercial line (Topigs do Brasil, Campinas, Brazil) were used and fed 1 of 4 diets: a basal diet based on corn Published January 23, 2015 and soybean meal (providing 3230 kcal/kg of ME, 182.5 g/kg of CP, 116.4 g/kg of NDF, 10.3 g/kg of true ileal digestible Lys, 6.7 g/kg of Thr, 6.2 g/kg of Met + Cys, 1.8 g/kg of Trp, 6.3 g/kg of Ca, and 3.3 g/kg of available P) and 3 diets composed of 70% of basal diet and 30% of 1 of 3 test feedstuffs: degermed, dehulled corn, citrus pulp, and soy protein concentrate.
The index method with 0.30% of Cr 2 O 3 added to diets was used to determine nutrient digestibility of diets. Subsequently, nutrient digestibility of feedstuffs was determined using the difference method. Pigs were housed individually in 2.55 m 2 pens for 11 d. The fi rst 6 d were an adaptation to pens and diets and to determine feed consumption. In the last 5 d, feed amount offered to pigs was calculated from their metabolic weight and measured consumption during the fi rst part of the trial. Pigs were fed twice a day at 0800 and 1700 h. Feed was mixed with water (1:1, wt/vol) prior to feeding and access to drinking water was ad libitum.
From days 7 to 11, feces were collected twice a day by grab sampling directly from the rectum of pigs, weighed, and frozen. On day 12, 11 h after consuming their last meal, pigs were slaughtered and gastrointestinal tract was removed immediately. Digesta present in the last 1 m of the ileum, anterior to the ileocecal valve, was removed and frozen (Donkoh et al., 1994) . Samples of feces, digesta, diets, and feedstuffs were dried, ground, and analyzed for DM, CP by the Kjeldahl method (AOAC, 1995) , GE by bomb calorimetry, and digestion of samples followed by atomic absorption spectrophotometry for Cr (Vega and Poppi, 1997) . The digestibility values of DM, CP, and GE, and their respective digestible nutrients [digestible DM and digestible protein (DP) and DE] were calculated according to Adeola (2001) . A completely randomized design was applied with 4 experimental diets and 8 pigs per diet. Pig was considered the experimental unit. Data was analyzed by ANOVA using the General Linear Models of SAS (SAS 9.1; SAS Institute, Cary, NC). Means were separated by the Student-NewmanKeuls test (5%); P < 0.05 was considered signifi cant.
RESULTS AND DISCUSSION
Degermed, dehulled corn and citrus pulp were low in CP and GE compared to soy protein concentrate (Table 1 ). The AID of DM and AID and ATTD of GE for degermed corn were high, similar to results of Moeser et al. (2002) , and greater (P < 0.05) than for citrus pulp and soy protein concentrate. The difference between AID and ATTD of DM and GE in degermed, dehulled corn was lower than the difference for citrus pulp and soy protein concentrate. The difference is likely related to the dietary fi ber content of these 2 feedstuffs and refl ects large intestine fermentation. According to Daniel (2010) , degermed corn contains 8.2% total dietary fi ber whereas soy protein concentrate and citrus pulp contains 36.3 and 38.4% total dietary fi ber, respectively. Fiber is not digested by enzymes produced by the pig and can, depending on its dietary content, reduce digestion of other dietary components (Noblet and Le Goff, 2001 ) such as proteins and soluble carbohydrates, thereby lowering DM and energy digestibility. Part of dietary fi ber can be fermented in the pig large intestine by microorganisms and serve as a source of energy. However, this amount of generated energy is quite variable, depending on the age of the pig and the content and type of fi ber (soluble or insoluble; Le Goff et al., 2002) .
The ATTD of CP, total DP, and DE of soy protein concentrate were higher (P < 0.05) than the values found in degermed corn, which were greater (P < 0.05) than those in citrus pulp. Total and ileal digestible DM, AID Within a row, means without a common superscript differ (P < 0.05).
of CP, and ileal DE of degermed corn and soy protein concentrate were similar (P > 0.05) and greater (P < 0.05) than those of citrus pulp. Ileal DP of degermed corn and citrus pulp did not differ (P > 0.05) and were smaller (P < 0.05) than the value of soy protein concentrate. The smallest difference between AID and ATTD of CP was observed in soy protein concentrate (11.2%) and was followed by degermed corn (15.5%) and citrus pulp (19.5%). Feedstuffs derived from soybean, especially soy protein concentrate, are known by their high CP contents and digestibilities, as observed in the present study and similar to results of Sohn et al. (1994) . The digestible nutrient values for the present study for citrus pulp are similar to values by Pascoal (2009) but are greater than values observed by Watanabe et al. (2010) , who found low digestibilities values for DM (72.6%), CP (13.9%), and GE (70.7%) for citrus pulp in swine. The differences between results of the present study and of Watanabe et al. (2010) might be due to citrus pulp being a coproduct of that orange juice industry that has not been standardized; therefore, its composition may vary depending on production processes.
In conclusion, the DM and energy from degermed corn are more effi ciently digested by the pig than DM and energy from soy protein concentrate and citrus pulp. Soy protein concentrate was the best protein source evaluated in this study.
